In order to cytochemically demonstrate the endogenous glandular source of hydrogen-peroxide (H2O2), which is a component of the salivary peroxidase antimicrobial system, we applied the cerium method to the Mongolian gerbil parotid gland. When NADH and NADPH were used as substrates of the H2O2 generating enzyme, reaction products were observed in association with the plasma membrane and pinocytotic vesicles of the myoepithelial cell. No reaction product was formed in the absence of these substrates. The reaction was inhibited by the addition to the complete medium of catalase (H2O2 scavenger) or of p-benzoquinone (O2-scavenger), or by heating prior to incubation. These results suggest that NADH-and NADPH-dependent H2O2 generating oxidase may be present in the myoepithelial cell. In addition, electron-dense precipitates, formed by the reaction of cerous ions, were also observed on the outer surface of the luminar plasma membrane of acinar and intercalated duct cells, and in the cristae and outer compartment of mitochondria mainly of duct cells. However, these reaction products were formed whether the substrates were contained in the cerium medium or not. Since the reaction was also weakened by catalase or p-benzoquinone, or by preheating, it is likely that some endogenous H2O2-generating factors, independent bf the exogenous substrates, may exist in these sites.
Hydrogen peroxide (H2O2) is an active oxygen species which is toxic for living cells. However, it is known to be useful to several biophylaxis, such as the antibacterial system of myeloperoxidase-halide-H2O2 (17) , or to the biosynthesis of thyroid hormones (9) or prostaglandins (21) . In the oral cavity, it has been shown that the salivary peroxidase system, consisting of peroxidase enzyme, H2O2 and thiocyanate ion (SC N-), contributes to the defense against toxic accumulation of H2O2 and to the antibacterial activity of saliva (6, 26, 27) . That is to say, salivary peroxidase detoxifies H2O2 in the presence of SCN-by converting it into hypothiocyanate ion (OSCN-), dioxygen and water. In addition, OSCN-inhibits the growth and metabolism of oral pathogens.
It has been reported that H2O2 in the salivary peroxidase system is derived from leukocytes or oral bacteria primarily streptococci (6, 26). However, Pruitt et al. (22) suggested, by showing the presence of OSCN-in healthy human parotid saliva devoid of bacteria and leukocytes, that there is an endogenous glandular source of H2O2.
Cytochemical detection of H2O2 generation in living cells has been demonstrated, mainly on the plasma membrane of polymorphonuclear leukocyte (20) , since Briggs et al. (5) devised the cerium method in which cerous ions trap H2O2 generated by oxidases. Cytochemical demonstration of H2O2 generation on the plasma membrane or in the peroxisome has also been reported by the cerium method in some epithelial tissues containing catalase or peroxidase, e.g. the thyroid gland (19) , the liver (18, 30) , the small intestine (14) , the uterus (15) and the kidney (2). It has been suggested that several H2O2 generating oxidases may be involved in H2O2 generation in these epithelial tissues, such as NAD(P)H oxidase on the plasma membrane (14, 15, 18, 19) or D-amino acid oxidase in peroxisome (30) . In the rat parotid gland, Hand (13) reported the presence of peroxisome by catalase cytochemistry. However, there was up to this point no report cytochemically demonstrating the H2O2 generation system in the salivary gland. Therefore, in the present study, we applied the cerium method in order to cytochemically investigate the generating site of H2O2 in the salivary gland. mitochondria mainly in the ductal cell (Fig . 5) . Reaction products associated with the myoepithelial cell and the luminar and intercellular-canalicular plasma membrane were located evenly on the outer surface of the plasma membrane (Figs. 3, 4) . On the other hand, the deposits associated with mitochondria were discretely present as amorphous bodies in the cristae and in the outer compartment (Fig. 5) .
As regards the intensity of these reactions , there were significant differences from one reaction site to another as follows (Table 1) : (1) reactions associated with the myoepithelial cell were obviously clear , but a little weaker than that of the luminar plasma membrane of the acinus; (2) reactions on the luminar and intercellular-canalicular plasma membrane were very intense in the acini, weak in the intercalated ducts and obscure in the striated ducts (Figs. 1, 2, 5); (3) reactions in the mitochondria were intense in the striated ductal cells, but obscure in the acinar and intercalated ductal cells.
The lateral plasma membrane and the other organelles of the acinar and ductal cells appeared negative for reaction product; but, a small amount was occasionally observed also on the basal plasma membrane which faces the myoepithelial cell, on the basal surface of the myoepithelial cell, and on the plasma membrane and pinocytotic vesicles of the endothelial cell of the capillary adjacent to the glandular cells (Fig.  3) .
In the control specimens incubated in the medium from which the substrates were omitted, no reaction products associated with the myoepithelial cell were present, but deposits on the luminar plasma membrane and mitochondria were still observed ( (25) . In the present study, reaction on the outer plasma membrane and pinocytotic vesicles of the myoepithelial cell was dependent on NADH and NADPH as substrates, and was inhibited by catalase, p-benzoquinone, a scavenger of H2O2 and O2-respectively, or pre-heating. These results suggest that a similar H2O2 generation system via O2-formation by NAD(P)H oxidase may be present in association with the myoepithelial cell. Reaction was also prevented by o-phenanthroline, which is a chelating agent of copper or iron, so it may be suggested that this enzyme could be a metal-containing oxidase. It has been reported that o-phenanthroline inhibits the activities of NADH oxidase (28) and of xanthine oxidase (1). Until now, there has been no report demonstrating the H2O2 generation system or the localization of NAD(P)H oxidase in the myoepithelial cell. In addition, there has been no knowledge about the functional relation between NAD(P)H oxidase and the myoepithelial cell.
NAD(P)H oxidase has been cytochemically demonstrated to localize on the plasma membranes of several epithelial cells containing catalase or peroxidase, e.g. the thyroid follicular cell (19) , the epithelial cell of the endometrium (15), the hepatocyte, and the absorptive cell of the duodeno-jejunum (14) . It has been suggested that it is involved in the biosynthesis of thyroid hormone (9) and of estradiol (16) , and also in antimicrobial actions, and in the control of transport system.
The localization of NAD(P)H oxidase associated with the myoepithelial cell in the present study was similar to that in previous reports on several phosphatases, i.e., alkaline-phosphatase (10), adenylate cyclase (12), Mg2+-ATPase (4) and 5'-nucleotidase (31) . As NAD(P)H oxidase were also found on the capillary adjacent to the myoepithelial cell, it may be incorporated together with these phosphatases in some transport system between myoepithelial cells, secretory cells and capillaries.
Substrate-independent reactions on the luminar and intercellular-canalicular plasma membrane and associated with the mitochondria
Although two kinds of substrate-independent reaction were observed on the luminar and intercellularcanalicular plasma membrane and associated with the mitochondria, judging from the fact that these reactions were inhibited by catalase, p-benzoquinone, preheating or chlorpromazine, it seems likely that both reactions point to the presence of some endogenous H2O2 generation system. Chlorpromazine has been reported to inhibit plasma membrane O2-generation by granulocyte (8) and also the activity of mitochondrial monoamine oxidase (3).
It has been also shown in several papers on cerium methods that non-specific deposits are present in the cristae and outer membranes of the mitochondria (2, 18). Christie and Stoward (7) suggested that the non-specific deposits formed in the mitochondria of myocardium had been produced by reaction with endogenous H2O2 which had been generated by a metalcontaining thiol enzyme.
Some similar H2O2-generating enzymes, such as monoamine oxidase of the outer mitochondrial membrane (11), may also be involved in the mitochondrial reactions which the present study has examined.
Cerous ions react with phosphate ions to form insoluble deposits of cerous phosphate.
Ever since Veenhuis et al. (29) adapted this reaction to phosphatase cytochemistry, cerous ions have been used as a capturing agent for cytochemical study of several phosphatases. Yamashina et al. (31) applied this method to show the localization of 5'-nucleotidase in rat salivary glands, reporting that it was located on the outer surface of plasma membranes of secretory and myoepithelial cells. The localizations in their report were very similar to those in the present study, except that the reactions of luminar plasma membranes are substrate-dependent.
Further research will be required in order to solve the question of why such a difference in substrate-dependency occurs when the cerium method is applied to H2O2-generating oxidase as opposed to when it is applied to phosphatase.
As described above, three kinds of reaction with CeCl3 were observed in the Mongolian gerbil parotid gland. From the present study it was not possible to determine whether they are involved in the salivary peroxidase system.
In previous reports by our laboratory (23, 24) we have shown that peroxidase could be cytochemically localized in the acinar cells of the Mongolian gerbil parotid and submandibular salivary glands. Judging from the secretory course of peroxidase, i.e., it is synthesized in the acinar cells and is secreted by exocytosis into the lumina, it may be suggested that the luminar plasma membranes of acini may be the sites responsible for H2O2 generation in the salivary peroxidase system. The fact that reaction of the luminar plasma membranes was more intense in the acini than in the intercalated duct may show some relations to the localization of peroxidase. Further studies will be needed in order to demonstrate for certain the exact glandular source of H2O2 in the salivary peroxidase system.
